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通过构建 224Ra 和 226Ra 的质量平衡模型，量化了除 SGD 外其他主要源汇项，
间接地估算了五缘湾内、外湾的地下水输入通量，同时获得五缘湾内、外湾的海
水回流率分别为 0.87 和 0.74；利用镭同位素的比值法，估算了五缘湾内、外湾
的水体平均停留时间分别为 3.56 d 和 2.65 d，并基于水体停留时间计算了五缘湾
内、外湾的地下水输入通量。三种模型的评价结果是，五缘湾的 SGD 输入速率
为 2.4～5.8 cm.d-1，平均速率 3.5 cm.d-1。 
通过对五缘湾水体中 222Rn 连续 2 d 的测量，再经过大气逃逸、潮汐、混合
损失等校正，获得 SGD 输入五缘湾的 222Rn 通量为 0～127 Bq.m-2.h-1，2 d 内的
均值为 40.48 Bq.m-2.h-1。由该通量除以地下水端元中 222Rn 的比活度获得五缘湾
SGD 的输入速率为 0～29 cm.d-1，均值为 9.2 cm.d-1。同时认识到 SGD 输入速率
在短期内变化较大，其动态和潮汐涨落的周期具有负相关性，一般在涨潮 3 h 后
SGD 输入速率达到 大。 
综合考虑镭示踪技术和氡示踪技术对五缘湾 SGD 的评价结果，认为五缘湾





















Submarine groundwater discharge(SGD)has been considered as a potentially 
significant land-ocean interaction. In this thesis, Wuyuan Bay located in the 
northeastern of Xiamen island was chosen as a place to conduct SGD research, using 
the naturally occurring radioactive tracers(224Ra、226Ra、222Rn). 
Through constructing 224Ra and 226Ra mass balance models and quantifying the 
main sources and sinks of radium except for SGD，estimated SGD fluxes were 
obtained. Return flow factors for inner and outer bay were derived, 0.87 and 0.74 
respectively. And water residence time obtained by utilizing radium isotopes ratios 
were 3.56 d and 2.65 d for inner bay and outer bay, respectively. SGD fluxes into 
inner bay and outer bay have been estimated based on water residence time. SGD 
rates of Wuyuan Bay were 2.4～5.8 cm.d-1, with an average of 3.5 cm.d-1, based on 
these three models.  
Through conducting continuous measurement of 222Rn in water for 2 d, SGD 
fluxes were 0～127 Bq.m-2.h-1, with an average of 40.48 Bq.m-2.h-1, after correcting 
for atmospheric loss, tidal effects and mixing loss, etc. Estimated SGD rates were 0～
29 cm.d-1, with an average of 9.2 cm.d-1, by assigning 222Rn acitivities of groundwater 
endmember. The dynamicis of SGD during the whole experimental time had an 
inverse relationship with tidal dynamics, and the maximum of SGD rates occurred 
short after the occurrence of rising tide for each tidal period. 
SGD rates might be reasonable to be 3.5～9.2 cm.d-1 based on radium and radon 
tracing technique. SGD fluxes into the whole bay were 7.19×104 ～ 1.86×105 
m3.d-1m3.d-1. Assuming 10% of the total groundwater input came from the fresh 
groundwater, our calculated fresh groundwater fluxes into Wuyuan Bay were 
7.19×103～1.86×104 m3.d-1。 
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 图 1-1 海底地下水排泄的作用过程示意图（据 Burnett 等（2003）[1]修改） 
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天然水体中的镭同位素都是来源于不溶于水但在沉积物和岩石中广泛存在
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